Temporary intraluminal shunt was used during 72 consecutive carotid endarterectomies (CEAs) in 61 patients (bilateral CEA in 11 patients) during October 2001 and September 2005. The medical records of these patients were retrospectively reviewed. All procedures were performed with routine shunt insertion without monitoring such as electroencephalography. Pre-and postoperative diffusion-weighted magnetic resonance (MR) imaging was used to detect ischemic complications. Postoperative angiography was performed in 70 cases to detect abnormalities such as major stenosis or dissection of the distal end. Symptomatic ischemic complication occurred in one patient at 1 month. Postoperative diffusion-weighted MR imaging detected new hyperintense lesions in three patients including the symptomatic patient. Postoperative angiography confirmed that the distal end was satisfactory in all cases. The incidence of ischemic lesions of embolic origin after CEA with routine shunt usage is acceptably low if the procedure of shunt device insertion and removal is meticulously conducted.
Introduction
Carotid endarterectomy (CEA) is considered to be the most effective treatment for stroke prevention in patients with high grade carotid stenosis, and is associated with low incidences of perioperative neurological complications and death. 4, 9, 13) Most perioperative neurological complications are ischemic complications caused by hemodynamic hypoperfusion, which is considered to be relatively rare, and emboli released from the fragile plaque during arterial dissection or cross-clamping. 3, 10, 12) Therefore, the most common strategy to prevent ischemia during CEA is selective shunt usage based on the findings of electroencephalography (EEG), stump pressure, or transcranial Doppler sonography, to reduce the risk of embolic complication resulting from shunt device insertion or removal, 2, 11, 16) as shunting carries the risk of embolus release. 6, 12, 17) However, the intraoperative decisionmaking for selective shunt usage following monitoring changes during cross-clamping requires vast experience. In fact, most CEA series with good results performed with EEG monitoring and selective shunting occurred at large centers. 16) In addition, none of the hemodynamic criteria are absolutely reliable for predicting the need for shunting since both false negatives and positives are observed. 2) Our center has a medium case load in a medium size hospital, so we considered that routine shunt use would be safer, as long as precautions were taken to prevent the generation of emboli during shunt device manipulation. We did not use any monitoring method such as EEG, because the only responses to detection of ischemic change are shunt insertion and blood pressure elevation, which were both performed routinely.
Here we retrospectively analyze our series of 72 cases of CEA, performed with careful and meticulous routine shunt insertion without monitoring, and evaluated by preoperative and postoperative diffusion-weighted magnetic resonance (MR) imaging for the occurrence of emboli during CEA, including neurologically silent emboli. (2 CEAs) . Three other CEAs were emergent procedures performed for acute internal carotid artery (ICA) occlusion caused by rupture of atheromatous plaque, so were not included in this study since it was difficult to evaluate whether the ischemic event happened preoperatively or during the procedure. Therefore, we retrospectively analyzed the medical records of 72 CEAs performed in 61 patients (bilateral CEAs in 11 patients).
The 61 patients, 15 women and 46 men, were aged 51 to 81 years (mean 70.1 ± 7 years). Arterial hypertension (80%) was the most frequent risk factor followed by history of coronary artery disease (39%), cigarette smoking (39%), diabetes mellitus (38%), and hyperlipidemia (30%). The carotid artery stenosis was symptomatic in 32 of 72 cases, and asymptomatic in 40 cases. Severe stenosis (À90%) was observed in 26 cases. The contralateral ICA was occluded in nine cases, with six CEAs preceded by contralateral superficial temporal artery-middle cerebral artery anastomosis after confirming the compromised vascular reserve of contralateral side with single photon emission computed tomography.
The preoperative diagnosis of high grade carotid artery stenosis was confirmed with angiography in all cases. The degree of stenosis was determined with the North American Symptomatic Carotid Endarterectomy Trial criteria. 13) All patients underwent coronary evaluation before surgery and some patients needed percutaneous transluminal coronary angioplasty to reduce the risk of cardiac events in the perioperative period. All patients were screened for diabetes mellitus by measuring the hemoglobin A1c level, and appropriate control of the blood sugar level was achieved before surgery. Medication of antiplatelet drugs was continued throughout the course of treatment including the day of surgery and postoperative day 1.
II. CEA procedure
The systolic blood pressure was maintained at the preoperative level to avoid hypoperfusion. Nasal intubation was performed and the patient's neck was extended to expose the high cervical level. The ICA was exposed adequately above the upper extent of the stenosis. Intravenous heparin (5000 U) was administered, then cross clamping was performed in the order of the superior thyroid artery, external carotid artery (ECA), ICA, and common carotid artery (CCA). Arteriotomy was then performed, and the lumen was rinsed with heparinized saline to remove debris.
Shunting was performed with a commercially available tri-lumen flexible``Furui Shunt'' (Inter Medical Co., Ltd., Nagoya, Aichi). 8) The proximal tube was clamped, then the distal shunt tube was inserted carefully into the ICA, taking care not to push in debris, then the balloon of the distal tube was inflated with 0.2-0.3 ml of saline with great care taken not to damage the intima of the ICA by overinflation. The balloon was held in place from the outside of the ICA with a small encircling clip, far enough distal to the upper extent of arteriotomy to not hinder the manipulation of the distal plaque end (Fig. 1) . Back flow was drawn from the third tube of the shunt to extract any small debris in the distal ICA followed by flushing with heparinized saline. Similarly, the proximal tube was placed into the CCA and the balloon was inflated with 0.7-0.8 ml of saline and held in place with vessel tape and tourniquet. Again, extraction of back flow as well as flushing with heparinized saline were carefully performed to remove debris. The blood flow was then restored through the shunt.
The 22 cm long flexible shunt could be mobilized and did not hinder plaque dissection (Fig. 1) or distal end manipulation (Fig. 2) . In fact, insertion of the tacking suture in the distal end to prevent subintimal dissection was facilitated as the shunt held the lumen of the ICA open so the needle was easier to pass from inside to out. The arteriotomy was then closed from each end toward the center, primarily with a running 6-0 prolene suture. With a few stitches before completion, the shunt device was removed. Before tying the prolene suture at the center, the lumen was inflated with heparinized saline. After tying, the ICA was declamped for a few seconds, then clamped again to wash out possible distal debris by back flow, then the ECA and CCA were declamped to wash out possible debris into the ECA. After a short time, the ICA was finally declamped and the flow was restored. Systemic heparinization was then reversed with protamine. Diffusion-weighted MR images of the whole brain were evaluated to detect the occurrence of emboli, even neurologically silent emboli, during surgery. Any new hyperintense area on the surgical side was interpreted as a sign of new embolic lesions after CEA. Postoperative computed tomography (CT) was performed several times to exclude ischemic lesions in addition to neurological evaluations in all patients. Angiography was performed at around postoperative day 7 in 70 cases. MR angiography was substituted for postoperative angiography in two cases because of suboptimal renal function in the patients.
Results
Only one case (Fig. 3) of the 72 CEAs resulted in ischemic morbidity at 1 month postoperatively. Postoperative diffusion-weighted MR imaging showed new embolic lesions in three cases (Figs. 3-5 ) including this case.
The patient with ischemic morbidity was a 73-year-old man who was treated for symptomatic high grade stenosis of the left ICA (Fig. 3A) . The plaque was very extensive and fragile. Shunt manipulation was conducted as usual and the distal plaque was removed meticulously, but we were obliged to leave some proximal plaque which apparently continued far distal toward the aorta. He awoke with right hemiparesis, especially in the upper extremity. Postoperative diffusion-weighted MR imaging showed several new high intensity spots around the centralis semiovale (Fig. 3C, D) . Postoperative angiography showed that the ICA was patent but the ECA was occluded (Fig. 3B) . Fortunately, his neurological status continued to improve, although he had slight clumsiness of the right hand even at follow up at 6 months postoperatively. The other two patients (Figs. 4 and 5) remained neurologically silent. Postoperative angiography or MR angiography was performed in 70 cases of CEA, and detected no major stenosis or dissection at the distal end of ICA.
Discussion
Our strategy of routine shunt insertion without monitoring during CEA resulted in only one ischemic complication in 72 consecutive cases (1.4%). Postoperative diffusion-weighted MR imaging showed ischemic lesions in three cases of 72 CEAs (4.2%). Despite the small sample size, this result is acceptable compared with previous reports evaluating postoperative ischemic lesion with diffusionweighted MR imaging. 1, 5, 7, 12, 15, 18) We assumed that these ischemic lesions were emboli since the total times for shunt insertion and plaque removal were not longer compared to other cases in this series without lesions, although we could not investigate the definite mean time of shunt manipulation because of the retrospective nature of this study.
Two of the three cases with ischemic lesions were associated with atheromatous plaque extending even into the ECA, so that the ECA was occluded by postoperative angiography (Figs. 3 and 5) . We hypothesize that some debris was passed toward the ICA since the ECA did not act as the outlet of debris during the declamping procedure. Transcranial Doppler sonography has shown that the highest number of microembolic signals is detected during the declamping period. 17) We consider that shunting itself does not increase the risk of ischemic lesion, even clinically silent lesions detected only by diffusion-weighted MR imaging, if the shunt device is carefully used with meticulous preparation before insertion, and careful rinsing with heparinized saline through the third lumen as detailed in our endarterectomy method.
Incidence of Ischemic Lesions After CEA With Routine Shunting
Another problem with shunt usage is the possible interference with the removal of the distal extension of the plaque. 14) However, in our experience, the long flexible internal shunt does not kink easily, and is slightly smaller in diameter than the ICA, so did not interrupt plaque dissection but rather held open the distal end of the arteriotomy and helped to visualize the distal plaque as well as the tacking suture from inside the lumen.
Postoperative angiography showed a slight notch in the ICA in two of the three cases with ischemic lesions, possibly indicating insufficient distal plaque removal (Figs. 3 and 5) . However, we completely removed the distal plaque in the case with symptomatic ischemic complication (Fig. 3) , suggesting that the distal ICA became focally stenotic because we took a slightly larger bite than usual during primary closure due to the fragile arteriotomy line after removal of extensive and invasive plaque. In contrast, we did not consider the notch was due to residual plaque or inappropriate suturing in the case with neurologically silent lesion (Fig. 5) . In our experience, in which almost all CEAs are followed by postoperative conventional angiography, this type of slight notch sometimes occurs regardless of the method of distal plaque manipulation, for example, appearing if the distal plaque was completely removed but not if the distal end was secured with several tacking sutures. Comparison of the slight notch in postoperative conventional angiography with MR angiography or three-dimensional CT angiography might reveal the meaning of this finding.
